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Direct Numerical Simulation of Breakup Characteristics
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Abstract：Double jet impingement atomization of gel propellants is widely used in the combustion chamber
of liquid rocket engines. The commonly used atomization method is impinging liquid jets. Its crushing characteris⁃
tics and atomization effect directly affect the combustion efficiency. In order to explore the development law of at⁃
omization characteristics，direct numerical simulation is adopted to describe the atomization characteristics，liq⁃
uid surface area，surface wave，vortex characteristics and non-Newtonian characteristics generated by orthogonal
impact of shear dilute non-Newtonian liquid at the jet velocity of 100m/s. The results show that the atomized flow
field formed at the jet velocity of 100m/s expands rapidly to form liquid sheet and the edge of liquid sheet on both
sides breaks into a large number of ligaments and droplets. The maximum wavelength of the impact wave is 2.46
times of jet diameter. The core of sheet produces impact waves，which gradually develop into unstable surface
waves with bulges and folds under the action of gas force and the liquid surface area increased continuously，but
the dimensionless surface area generally showed a tendency of first decreasing and then increasing. Vorticity dis⁃
tribution in gas is divided into two types：orderly attached region and disordered explosion region，and vorticity is
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ity coefficient inside the liquid，which is only 0.3 times of the initial viscosity coefficient.








































































采用自主研发的 Free Surface 3D（FS3D）程序，求
解三维不可压 N-S方程组，完成双股射流撞击雾化过
程的直接数值模拟。其求解的方程组为
∇ ⋅ u = 0 （1）
∂ ( )ρu
∂t + ∇ ⋅ ( ρuu) =
















0 In the gas phase
(0,1 ) At the interphase
1 In the liquid phase
（3）
∂f
∂t + ∇ ⋅ (uf ) = 0 （4）
为了提高气液两相界面的捕获精度，采用三维













μ ( )γ̇ = μ0 / ( )1 + ( )μ0 /K γ̇1 - n （5）
γ̇ = ( ) 0.5( )∇u + ( )∇u T 2
0.5
（6）















的长 L，宽 W，高 H分别为圆柱射流直径 D的 30，30和
3倍，采用 512，512，128的结构化网格分别对该计算
域 的 三 个 方 向 进 行 空 间 离 散 ，其 最 小 网 格 尺 度
4.69μm。与 Kolmogorov尺度［19］（选取湍流长度尺度
为射流直径的 10%，脉动速度取为射流速度的 5%，可


















Fig. 1 Computational domain for the power-law impinging
liquid jets

















































































Fig. 2 Three-dimensional structure of the impinging liquid jets at t*=2tV0/D=30
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Fig. 3 Temporal development of the surface area of
impinging liquid jets
Fig. 4 Temporal development of surface cavity breakup
5




















































Fig. 6 Slice diagrams of vorticity of the impinging liquid jets in ZOY diagonal plane at t*=24
Fig. 5 Waves distribution along axis of diagonal jet
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